The importance of groundwater portability and the possible sources of anthropogenic contamination have led to the development of intrinsic groundwater vulnerability mapping. In this study, groundwater vulnerability map for Amman Zarqa Basin (AZB) has been generated based on information derived and calculated from processed remote sensing information and laboratory analysis. The database was prepared from soil hydro geological and hydrological data, Digital Elevation Model (DEM), and geological maps. For assessment of groundwater vulnerability, the method proposed by the state geological surveys of Germany (GLA-method) has been adapted and applied. The vulnerability map shows about 77% which is about 2919 Km 2 of the AZB is classified as very low to low which could be corresponding to the pollution sources due to the absence of potential hazards and also due to low vulnerabilities. These areas could consequently be interesting for future development as they set preferable in view of ground water protection. In addition, about 14% (530 km 2 ) is classified within the moderate vulnerability zone. About 5% (around 19 km 2 ) of the study area lies under the area of high vulnerability zone. Only 4% can be classified as very high risk areas. Groundwater quality results revealed that water leach ate from point source is the main cause for groundwater contaminations in highly vulnerable karstic limestone aquifer (Amman Wadi Es Sir Aquifer-B2/A7). On the other hand, the Kurnub Sandstone aquifer (K) is generally well protected in the central and eastern part of the AZB due to its thick cover of partly marly sequences. However, the Kurnub aquifer might have a potential risk from the recharged infiltrating surface water from the Zarqa River, which is highly polluted due to industrial activities located along the river.
Introduction
Groundwater is a vital natural resource for the economic development and secure provision of drinking water, especially in arid and semi-arid areas, that experience shortage of water resources. Groundwater can be degraded in quality by contamination, and this can pose serious concerns, as once a groundwater resource gets polluted; remediation becomes incredibly difficult requiring a long time and large budget [1] . The pressure on groundwater, in terms of both quantity and quality, has increased to an extent whereby not only drinking water sources but also sensitive ecosystems are threatened by contamination through human exploitation. Increasing demand for water, a growing use of pesticides and fertilizers, atmospheric deposition and numerous point sources of contamination constitute a threat to the quality of groundwater [1] .
Groundwater resource pollution hazard refers to the probability that groundwater in the aquifer will become contaminated with concentrations above the corresponding guideline value for drinking water quality [2] . Hazards are the activities and developments, which pose a threat to groundwater [2] . The hazard is normally assumed to originate at the ground surface (potential release of a contaminant), and the risk of contamination to groundwater includes the potential consequences of a contamination event [3] . This has led researchers to introduce techniques to evaluate the potential risks to the groundwater resources in the form of "groundwater vulnerability" that was first used in the 1960s [4] . Groundwater vulnerability is a concept based on the assumption that the physical environment provides some natural protection to groundwater against human impacts, especially with regard to contaminants entering the subsurface environment. It is defined as the tendency or likelihood of contaminants reaching the groundwater system after introduction at the surface and is based on the fundamental concept that some land areas are more vulnerable to groundwater contamination than others [5] . Groundwater vulnerability deals only with the hydrogeological setting and the natural hydrogeological factors affecting the range of pollutant types in different ways depending on their interactions and chemical properties [6] . Groundwater vulnerability is a relative, dimensionless property that is not directly measurable and does not include pollutant propagation and attenuation. There are two general types of vulnerability assessments. The first addresses specific vulnerability, which is referenced to a specific contaminant, contaminant class, or human activity. The second addresses intrinsic vulnerability, which does not consider the attributes and behavior of specific contaminants and encompasses all pollutant sources [7] .
Several methods of intrinsic vulnerability mapping of groundwater were reported. However, a small number of these methods are specialized in handling karstic aquifers such as, COST 65, GLA German method [3] [8] , [9] [10]. The GLA method can be applied to all types of aquifers by providing special methodological tools for karst and is based on an origin-pathway-target model [11] [12] . The term 'origin' is used to depict the location of a potential contaminant release while the "pathway" involves the passage of potential contaminants from the point of release to the "target". One method for mapping vulnerability within the framework of COST 620 is the PI method: Protective cover and Infiltration capacity method [11] [12] . P and I factors are used in the vulnerability assessment especially in karstic aquifers as they are described in [10] and in the final report of the European COST Action 620 [3] .
An important output of groundwater vulnerability assessment is the groundwater vulnerability maps. These are important tools for groundwater management that provide basic information for facilitating proper planning and protection of groundwater resources, as well as indicating which target areas should be given priorities for groundwater monitoring and protection.
In Jordan, groundwater constitutes the prime source of water supply, as surface water is very limited. Following many years of drought, water resources in Jordan have been overstressed and suffering from quantity and quality degradation for more than two decades, due to increased urban development. The Gulf wars and regional political conditions forced huge fluxes of immigrants to move into the country either temporarily or permanently, exerting extra stresses on the infra-structure and the already, quantitatively and qualitatively, exhausted water resources [13] . Recent studies indicated a decline in groundwater level of about 20 to 30 m, accompanied with deterioration in quality during the last 3 decades [13] [14] . The groundwater depletion has impacted several sectors, namely agricultural and human health. Such impacts made the protection of the source and its management a major priority in the country. The Ministry of Water and Irrigation (MWI) in cooperation with the German Institute BGR proposed groundwater protection guidelines issued in 2006. In addition to issuing a new by-law that addresses protection of groundwater resources through appropriate land use restrictions. Recently, groundwater vulnerability mapping and delineation of groundwater protection zones were implemented in Jordan Valley and Ruseifa areas [13] .
The present study aims at examining the practical application of vulnerability mapping method that presents all the climatic, geological and hydro geological characteristics of the Amman Zarqa Basin (AZB). The GLA German method [8] with P and I factors is followed in this study as the method is suitable for all aquifers including karst aquifer. This is due to the fact that AZB contains sandstone aquifer and karst limestone aquifer. Vulnerability maps for the different aquifer types will be produced to form useful tools to the decision makers for providing better legislations, laws, policies and regulations to protect groundwater reserves in the study area.
Physiography, Geology and Hydrogeology of the Study Area
The study area is located in the northern central part of Jordan which includes the largest two cities, the capital City of Amman with 2.8 million inhabitants and the City of Zarqa with 0.8 million inhabitants [15] , in addition to several other towns as shown in Figure 1 .
The basin's surface water network which includes the main tributaries, the Zarqa River and Wadi Ad Dulail, drains from the highlands northeast and west of Amman into the Jordan Valley, reaching the Jordan River about 65-km south of Lake Tiberius. The basin is topographically and hydro geologically dominated by a feature known as the Amman-Zarqa flexure which runs in a direction of about 60. To the southeast of it the bases of the geological units are up to 300 m higher than in the Amman-Zarqa area.
Geologically, the area is dominated by outcrops that are ranging from Triassic to Recent in agewhere the Cretaceous sediments are most dominant. Quennel [16] has classified the Upper Cretaceous formations into Ajlun and Belqa Groups, consisting of various types of limestones, phosphorite marl, chert, and porcellanite [17] . They are underlain by Lower Cretaceous Kurnub Group that best outcrops at Baqa'a along the axis of Suweilehstructure and along Zarqa River valley. The northeastern part of the basin is largely covered with basalt ( Figure 2) . Most of the formations in the study area are affected by orogenetic movements especially by the Alpine orogenesis of the Maastrichtian causing folding, faulting, synclines and anticlines [18] [19] . The study area is dominated by faults of variable throws and strikes and by several anticlines and synclines. The vertical displacement along faults can be clearly indicated by the movements of the prominent massive limestone cliffs. One of the major structures is the Amman-Hallabat Flexure which is a compressional belt and the associated faults trending and northeast (NE)-southeast (SE) parallel to the upper Zarqa River, approximately 5 km south of Amman. This fault system has a maximum displacement of about 300 m and is thought to place the Amman and Wadi Es Sir Formations against the impermeable Muwaqer Formation, by forming a barrier to groundwater flow into the Azraq Basin and diverting the generally north-easterly flow north westwards Wadi Zarqa [20] . Three aquifer systems recognized in AZB are: Basalt, Amman-Wadi Sir Limestone aquifer (B2/A7) and the Kurnub sandstone (K) aquifer. The northeastern part of the AZB is covered with basalt, which forms the major aquifer in the Badia area (NE desert). It overlies the B2/A7 aquifer but has a much higher permeability. Unfortunately, its salinity and nitrate content have increased over the past two decades due to intense irrigation in the Badia.
Groundwater contour maps for the B2/A7 and Kurnub aquifers are shown in Figures 3 and 4 , respectively. Figure 3 reveals that the limit of saturation extends towards NE-SW direction and the groundwater flow is controlled by the main geological structure, Amman-Hallabat Flexure, which acts as a barrier for groundwater flow. However, the Flexure raises the hydraulic head in the saturated zone to more than 900 m above sea level.
The Kurnub aquifer is unconfined in much of the area following an imaginary line between the cities of Amman, Jarash and Mafraq (Figure 4) . The depth to Kurnub aquifer in most areas of AZB is less than 500 m. In the area between Hallabat and Zarqa, the water level of the Kurnub aquifer is less than 200 m below ground surface and the Kurnub aquifer is fed by downward leakage from the (basalt)-B2/A7 aquifer. This area would therefore, offer a good opportunity to protect the Kurnub aquifer. In addition, the hydraulic head difference between B2/A7 and Kurnub aquifer ( Figure 5 ) is almost zero in the border region east of Mafraq and increases towards SW, reaching 250 to 300 m in the Amman area and in the Yarmouk Basin, in the northern part of Jordan the Kurnub is under high artesian pressure [13] . 
Methodology: Intrinsic Vulnerability Mapping
When assessing the vulnerability of groundwater to contamination, the protective effect of rocks and superficial deposits covering the topmost aquifer is of decisive importance. This is true when considering the impact of agriculture (fertilizers and pesticides) and when assessing potential waste disposal sites, abandoned hazardous sites, etc. Determination of the protective effectiveness of the rock or superficial cover above an aquifer is car- ried out to assess the risks to groundwater by pollutants moving through the soil and rock cover into the groundwater, and to represent the degree of risk on a map. The protective effectiveness "filtering effect" of the rock and soil cover depends on several factors, such as the compactness, mineralogical composition, porosity, content of organic matter, pH, cation exchange capacity (CEC), the thickness of rock and soil cover, as well as the percolation rate and percolation velocity [8] . Moreover, groundwater pollutants may show different migration, sorption and degradation behavior, about which little is known. It would be necessary to develop special assessment methods for all pollutants, depending on their behavior in the groundwater systems, and then compile the corresponding hazard maps. In order to provide a practical method for the qualitative determination of the protective effectiveness of the rock and soil cover above an aquifer, an easy assessment scheme was devel-oped. Although it involves considerable simplification, it provides valuable information related to many pending problems. Starting from assessments at point sites based on existing data and without any costly determination of further parameters, the method allows the protective effectiveness of the rock and soil cover above an aquifer to be assessed over large areas. Thus, in many individual cases, time-consuming, detailed investigations and/or mapping can be avoided.
For preparation of the groundwater vulnerability map of the AZB area, the method proposed by the state geological surveys of Germany (GLA-method, [8] ) was employed. This method is based on a rating system by which the overall protective effectiveness of the soil cover and unsaturated zone is calculated. It requires the following parameters:
Parameter 1: S -soil effective field capacity Parameter 2: W -percolation rate (groundwater recharge) Parameter 3: R -rock type Parameter 4: T -thickness of soil and rock cover above the aquifer P1-protective effectiveness of the soil cover:
P2 protective effectiveness of the unsaturated zone (sediments or hardrocks):
For application in the semi-arid regions, the classification table for groundwater recharge (W-factor) was modified [22] . The spatial distribution of all above-mentioned parameters is sufficiently well known in Jordan from the following sources listed in Table 1 . Groundwater vulnerability maps can easily be prepared using ArcGIS 10.1. For the vulnerability map of the Amman-Zarqa Basin an equal distant grid with a cell size of 50 m X 50 m was used. Such a cell size proved to be most suitable for both, data availability and scale of presentation. The AZB vulnerability map is intended for presentation at 1:50,000 scale.
Parameter 1: Effective Field Capacity (eFC) (SFactor)
Soils in AZB are characterized by low physical and chemical fertility since they are poorly aggregated and mostly calcareous with high gravel and stone contents. The high gravel content reduces the detachability of soil particles and allows macro-pore flow in between this makes the subsurface layers and groundwater potentially susceptible for contamination [26] . Soil thickness at the AZB varies from 15 cm to 1 m with minimum at the central and eastern parts of the AZB. For the soil system, the effective field capacity (eFC) is taken as a measure of the capacity of a soil to store plant-available water [27] . The effective field capacity of a soil depends mainly on solid-water interfaces as grain size (soil texture), ped/pore, shape-size-continuity (soil structural pedality), degree of compaction and organic matter (mainly humus) content and is generally determined for the profile down to the effective rooting depth [28] . A soil water retention curve defines the relationship between volumetric water content Θ v [cm 3 ·cm −3 ] and soil matric potential Ψ m [cm water column], where soil matric potential "suction power" is defined as the reduction in water potential to move from point to point within the soil system due to solid-water adsorption. Thus, Ψ m is set to be a maximum of zero at saturation (i.e. when all pores are filled with water, Θ v = Θ S ), while it is set to be negative at unsaturated conditions [29] . The Ψ m is often expressed as the logarithm of the suction power in [cm] , and then called the pF-value. Plant available water (effective field capacity) can be estimated by subtraction of the water content at two main points; the field capacityconsidered at 0.3 bar and wilting point at 15 bar (i.e. range between pF values of 1.8 (field capacity) and 4.2 (wilting point)). The effective field capacity of the soil in the study area was obtained from measurements performed on 250 soil samples collected from the basin with the aid of soil maps [23] [24] . Samples were subjected to phys-ical and chemical analyses after being dried in glass house at the University of Jordan. In addition, soil samples textures were determined using pipette method [30] . Table 2 summarizes the different analyzed and measured parameters for the soil samples.
The eFC is then multiplied by the thickness of the horizon in decimeters [dm] . To simplify the calculation, the rooting depth is assumed to be constant at 10 dm. The total effective field capacity of a soil (ΣFC) is obtained by addition of the effective-field-capacity values calculated for each horizon down to 1 m depth (or to the water table if < 1 m below ground surface). For shallow soils, the effective field capacity of the substrate below the actual soil zone is assessed down to a depth of 1 m and included in the calculation.
The total effective field capacity is subdivided into 6 classes as in the Pedological Mapping Handbook. Each of these classes is given a number of points, a large number corresponding to a comparatively long residence time of the percolating water ( Table 3) . 
Parameter 2: Percolation rate (W Factor)
As far as possible, the available data on annual groundwater recharge from rainfall is used to determine the percolation factor W ( Table 4) . However, if the data is not available, a comparable figure can be determined by taking the difference between the annual rainfall (N) and the potential evapotranspiration (ETp). For this study, percolation rate (Recharge) was determined based on rainfall-recharge equations adopted from Margane et al. [31] . These equations were applied depending on outcropping formations in the study area. Figure 6 present the recharge (mm/y) while Table 5 shows the recharge (mm/y) and recharge value. As presented in Figure 6 , the groundwater recharge in AZB is below 100 mm/a. However, according to the German mapping approach, the highest value assigned for factor W, would be 1.75 for a groundwater recharge of less than 100 mm/a [8] . Therefore, a modified scale for the factor W was introduced which reflects the low amounts of groundwater recharge in the study area ( Table 6 ). The final spatial distribution map for the W-Factor is presented in Figure 7 .
The W-factor was obtained using the recharge rates (Figure 6 ) presented in Table 6 . Results show the spatial distribution of the natural protection of the respectively different aquifer systems in the AZB.
Parameter 3: Rock Type Factor (R Factor)
The protective effectiveness of the rock cover above the uppermost aquifers and below the soil, i.e. from a standard depth of 1 m below ground surface down to the water table is individually calculated for each bed and the points for all beds in the section are then added up. The protective effectiveness of the rock cover below the soil Table 3 . Assessment of soils on the basis of effective field capacity (eFC) (number of points = S). depends on various parameters, which are assessed according to their rock type (R). Due to their fundamentally different geohydraulic rock properties, unconsolidated and consolidated rocks are assessed separately. In the case of unconsolidated rocks, the residence time is derived via the cation exchange capacity (CEC), since both of these factors depend directly on the proportion of fine-grained material present. In addition, the solid rocks, in spite of their mostly very low intrinsic permeability, often show high permeability due to jointing and/or karstification, and thus comparatively short residence times for percolating water. Therefore, the number of points (R) is determined as the product of the rock type (O) that reflects the low intrinsic permeability of the rock multiplied by factor (F) reflecting the presence of joints, karst cavities as explained in Table 7 . Based on Table 7 , the rock and structure factors that have been used for the preparation of the P2 map are listed in Table 8 .
Parameter 4: Thickness of the Soil and Rock Cover (T Factor)
The distance covered by percolating water (assuming vertical percolation), i.e. the thickness of the soil and rock above the topmost aquifer, affects the residence time and thus the time that percolating water is exposed to mechanical, physico-chemical, and microbial processes. In assessing the protective effectiveness, the thickness of each bed in meters is used as a factor in the calculation. The thicknesses of the strata were calculated by using different stratigraphical maps as GIS layers.
Parameter 5: Perched Aquifer Systems (Q Factor)
A perched aquifer may prevent the migration of pollutants to greater depths and/or may prevent or delay contamination of the main aquifer system. This protection is most effective where natural springs occur. A bonus (Q) of 500 points is added for each perched aquifer with springs. However, this factor was not relevant in study area. 
Parameter 6: Hydraulic Pressure Conditions (HP Factor)
The hydraulic pressure conditions depend, among other things, on the lithology of the soil and rock cover above the aquifer, which has already been taken into account by the points awarded for each rock type. However, permanent artesian conditions are particularly effective as a natural protection against percolation of contaminated water into the aquifer. Therefore, a bonus (HP) of 1500 points is given in this case. In the study area this factor is not relevant (no areas with upward leakage).
Determination of the Overall Protective Effectiveness (Pt)
To determine the overall protective effectiveness (P t ) of the soil and rock cover above the topmost aquifer, the following procedure is adopted: initially, the protective efficiencies of the soil (P 1 ) and the rock cover (P 2 ) are calculated separately.
Soil Cover (P1)
The number of points (S) given for the effective field capacity (eFC) of the soil from Table 1 is multiplied by factor W, which represents the percolation rate (see Table 2 ), Equation (2). The final P1 map, describing the protective effectiveness of the soil cover is present in Figure 8 .
Rock Cover (P2)
Each individual bed in the rock cover below the soil (below one meter depth) and above the aquifer is assessed separately: in the case of unconsolidated rock (no. of points = R u ) using Table 3 and in the case of solid rock (no. of points = R s ) using Table 5 ; the number of points is then multiplied by the stratigraphic thickness in meters (factor T). The sum of all points for individual rock units, i.e. the entire section from 1 m below the surface to the water table (to the top of the aquifer in the case of a confined aquifer) gives a figure representing the protective effectiveness of the rock cover below the soil. This figure, as in the case of the soil cover, is multiplied by factor W (from Table 2 ), which represents the percolation rate. The number of points (P 2 ) representing the protective effectiveness of the rock cover below the soil is calculated as by the flowing Equation (3) The P 2 map which describes the protective effectiveness of the rock cover above the aquifer is present in Figure 9 .
Hazard Analysis and Mapping
A hazard map for the study area was prepared using a 7-step work plan (Figure 10) , starting from an Inventory of Hazards and leading to the eventual production of Hazard Map.
Step 1: Definition and Inventory of Hazards
In the context of groundwater contamination, a hazard is defined as a potential source of contamination resulting from human activities taking place mainly at the land surface. A hazard assessment was conducted through identifying the potential degree of harmfulness for each type of hazard. This was determined by both the toxicity and the quantity of harmful substances, which may be released as a result of a contamination event [3] . Hazards were classified according to the type of land use (Level I) and the main source (Level II) Level I was based on a local and regional scale distinguishes between three main categories; i.e. infrastructural, industrial and agricultural activities ( Table 9 ). Level II categories was based on main source (i.e. solid or liquid contaminants) of possible groundwater contamination, or else refer to types of industrial or agricultural activities with their corresponding spectrum of possible pollutants. Cost 620 [3] presented a detailed table (Table10) for most of the hazards that may exist in any area with their weighting values.
Step 2: Hazard Data Requirements
The potential degree of harmfulness for each type of hazard was assessed through acquiring information on process or nature of activity, type of harmful substances, amount of substances which can be released and age and status of installations and plants. The collected information for each type of hazard were grouped according to the identification of the nature of the activity, localization of the activity by topographic coordinates, characterization and quantification of the solid and liquid waste production. Table 9 . Classification of hazards for groundwater protection purposes [3] .
Number
Number Level I Categories of Hazards Level II Categories of Hazards Table 10 determines the weighting coefficient or the "harmfulness of a hazard to groundwater (H)" varying between 10 and 100. For a comparison between hazards of the same type, all the different factors influencing the degree of harmfulness were considered. According to the general definition of the hazard categories, the hazardous substances involved within each individual category are more or less the same or can be considered to be from the same group. Therefore the differences in harmfulness within each hazard category were mainly due to the variable quantity (Q n ) of harmful substances, which can be released and further seep into the underground. A ranking factor between 0.8 and 1.2 was then used in order to indicate low or high amounts, respectively, of toxic substances compared with the general average. To avoid time consuming, a reduction factor R f was implemented to assess the probability for a contamination event to occur. If no information on the above mentioned factors is available, then R f = 1. Otherwise, positive information concerning the reduction of the likelihood can be used to reduce the hazard index. The generated hazard index (HI) describing the degree of harmfulness of each hazard was then calculated according to Equation (4):
Step 3: Rating and Weighting of Hazards
where by HI is the hazard index, H is the weighting value of each hazard as assigned in Table 10 , Q n is the ranking factor (0.8 -1.2) and R f the reduction factor (0.0 -1.0). The possible range of the hazard index HI runs from 0 to 120 scores.
Step 4: Production of Hazard Map
The graphical interpretation map of hazard data was generated using a Geographic Information System (GIS) to show the hazard spatial behavior including their location and extent (size, shape). Table 11 summarizes the color patterns implemented to represent the potential degree of harmfulness of the different hazards as assigned according to the resulting hazard index. The vulnerability map of the AZB can be classified as high to very high vulnerability (or low protective effectiveness) in the area between Amman and Zarqa, as well as the Dhulail-Hallabat area (Figure 11 ). It becomes low to very low in the area where the B2/A7 aquifer is covered by a sufficient thickness of the Muwaqqar Chalk Marl Formation (B3) which acts as aquiclude and/or depth to groundwater is rather high. It is generally better in the areas covered by basalt, compared to those where B2/A7 is at outcrop, due to the higher retention capacity of the basalt.
Results and Discussion

Vulnerability Map
The final protective effectiveness coefficient (P t ) map for the entire soil and rock cover above the aquifer is calculated as the sum of P 1 and P 2 and present in Figure 11 . In addition, the vulnerability map was classified into protective effectiveness according to Table 12 . Five classes of protective effectiveness are shown, based on the above coefficient, and for which the ranges of the residence times of percolating water in the soil and rock cover above the aquifer are given.
The Kurnub aquifer, which consists of thick layers of marly facies, is generally well protected in the central and eastern parts of the AZB. In addition, the presence of the silty, clayey intercalations will decrease its permeability; this leads to a protection in its outcrop areas. However, it must be taken into consideration that the Kurnub aquifer is also recharged by infiltrating surface water from the Zarqa River, which is highly polluted due to the industrial activities along the river.
The groundwater vulnerability map of the B2/A7 aquifer shows that this aquifer can be easily contaminated in most parts of the AZB. Only the areas, where the B2/A7 aquifer is covered with B3, provide the opportunity for locating sites which are potentially hazardous to groundwater, such as waste disposals and industries, as is the case e.g. some 20 km east of Amman. Most favorable are those areas where groundwater flow is directed not towards the Dhulail-Hallabat area but rather to Azraq. Figure 11 . Groundwater vulnerability map (p t ) hazard map. The highly vulnerable part of the area between Amman and Zarqa accommodates a considerable number of in dustries, which are potentially hazardous to groundwater. These pollution point sources are the pharmaceutical, dairy, textile, detergents, soft drink, stone cutting, oil refinery; thermal power plant; Ruseifa waste disposal (former phosphate mine; now closed); industrial free zone; tannery; iron steel company; industrial paper company; scrap yards for cars; and numerous military facilities. So far, these industrial enterprises do not dispose-suitable sewage from treatment facilities, as obliged by-law. These industries are located near the Seil Zarqa (River) and it is not known whether wastewater is discharged into the river or rather into the municipal wastewater collectors. Furthermore, several governmental wells within this area are still used for drinking purposes. Due to the high vulnerability of the aquifer, these wells have considerable pollution risk. On the other hand, olive trees are a very important cultivated product in the AZB. There are about 12 Olive mills existed in Jarash District. The olive mills start working during the rainy season from October up to December which increases the risk of groundwater pollution, especially knowing that most of these olive mills discharge their effluents (Zebar) directly into the major Wadis. The disposal is considered an urgent ecological problem that deteriorates the environment in the Jarash district. The generated hazard map for the study area shows that most of the basin is considered of low class (Figure 12) .
On the other hand, some areas are set high while few points are set very high representing few industrial points of hazardous pollution. The type of hazards and their corresponding degree of harmfulness may partly change in the future because of infrastructure development that is being planned at the moment. To show the effect of the leachate water from these point source contaminations on groundwater; 65 wellsclose to the areas were assigned as high risk areas for contaminations, have been sampled and analyzed for their constituents. Nitrate and selenium were monitored in these wells for two years. Results show a gradual increase in their concentrations over the years. Figures 13 and 14 depict the nitrate and selenium concentrations in the B2/A7 aquifer. It is clear that the hazardous points in the area have a great influence on the deterioration of groundwater quality of the aquifer.
Conclusion
The application of the German method GLA to groundwater vulnerability assessment in AZB provide valuable information, which can help define the land use classification and its potential role in groundwater management. The generated vulnerability map can assist in the implementation of land use planning and groundwater management strategies to prevent degradation of groundwater quality. Large areas in the AZB can be classified as low risk or very low risk depending on the pollution source from the absence of pollution hazards and also from low vulnerabilities. These areas could consequently be interesting for future development as they are preferable in the context of ground water protection. New land use developments can easily be checked for problematic risk levels by constructing potential risk maps, also at a detailed scale, to assess the risk to groundwater contamination of these planned activities. The basin is a good example of the fact that the final risk map does not include all the information that might be required by an end user. However, to ascertain the risk which might be posed by future developments, the planner would also require access to the intrinsic vulnerability map and appropriate specific vulnerability maps that are available.
